The sterilizing effect of supercritical carbon dioxide (SC-CO2) is described as compared with gaseous CO2 and liquid CO2(L-CO2).
aureus and conidia of Aspergillus niger were sterilized by treating with SC-CO2at 200 atm and 35°C when the water content of each microorganism was 70~90%. However, dry cells with a water content of2~10%could not be sterilized under the same conditions. No sterilizing effect from SCCO2on endospores of Bacillus subtilis and B. stearothermophilus was observed. G-CO2and L-CO2 produced no sterilizing effect against both wet and dry baker's yeast cells, while wet E. coli cells were sterilized with G-CO2. Although dry conidia of A. niger could not be sterilized with SC-CO2 alone, the addition of ethanol or acetic acid to SC-CO2made it possible to sterilize these. Without any decrease in their enzymatic activities, E. coli and baker's yeast in a-amylase and lipase preparations were sterilized with SC-CO2.
The extraction of useful substances from natural products using a supercritical fluid is an interesting separation method and has been applied in various fields.1>2) Especially in the food industry, SC-CO2is considered to be the most favorable solvent because CO2is physiologically safe, inexpensive, and easily available in high purity and in large quantity. Moreover, since CO2 has a relatively low critical pressure (72.8 atm) and critical tem- Endospores of the bacilli were prepared according to the standard methods7) as follows: Both bacillus strains were cultivated on petri-dishes with a nutrient agar medium containing 0.3% beef extract, 0.5% polypepton and 0.005% MnSO4 (pH 6.8). After incubating for 2 days at 37°C for B. subtilis and for 2 days at 50°C for B.
stearothermophilus, the cells were collected and suspended in distilled water and then centrifuged at 12,000rpm for lOmin. The harvested cells were again suspended in a minimum amount of distilled water, and temperaturetreated at 70°C for lOmin for B. subtilis, or at 4°C overnight followed by 80°C for lOmin for B. stearothermophilus, in order to kill completely vegetative cells. Each microorganismwas used as a wet cell after washing with a 0.85% NaCl solution or distilled water and then centrifuging at 12,000rpm for lOmin, or a dry cell after drying the wet cell in vacuo. The water content of the wet and dry cells was determined by drying them at 105°C for more than 20hr.
Procedures for sterilization. Sterilization with CO2 was carried out using the SC-CO2extraction apparatus made by Mitsubishi Kakoki Co. and described previously.3~6) A sample of the microorganism was placed in a cup made of aluminum. This aluminum cup was put on a sample holder in the extraction vessel. Treatment with CO2for sterilization was operated in a similar manneras that described in the vegetable oil extraction experiments.3) In some experiments, ethariol or acetic acid was added as the entrainer to SC-CO2 with a high-pressure pump at a weight ratio of 2%or 0.5%, respectively.
Measurement of sterilizing effect. The sterilizing effect of CO2 was evaluated by determining the ratio of the number of living cells after the treatment with CO2 to those initially added. The number of living cells was determined by measuring the number of colonies grown on each agar medium. As media, Eosin-Methylene Blue, MannitolNaCl, Czapek-Dox and Spizizen were used for E. coli, S. Streptomycin sulfate and penicillin G potassium were added to an agar mediumcontaining 0.3% yeast extract, 0.3% malt extract, 0.5% polypepton and 1% glucose (pH 5.0) for baker's yeast to prevent any bacterial contamination. B. stearothermophilus was cultivated at 50°C on the nutrient agar medium to prevent the growth of mesophilic microorganisms. The colony formed on each agar mediumwas microscopically observed to confirm no contamination with other microorganisms whenever necessary. were sterilized by being exposed to SC-CO2at 200atm and 35°C for 2hr. However, dry cells of baker's yeast and A. niger remained almost unsterilized under the same conditions. On the other hand, in the case of dry cells of E. coli and S. aureus, the ratio of living cells was reduced to below 5% of those initially added.
RESULTS

Effect of conditions for sterilization
The endospore of both bacillus strains was not sterilized. Effect of an entrainer An entrainer has been used to modify the properties of CO2.Brunner and Peter11} reported that the addition of 10%ethanol to SC-CO2 increased the solubility of palm oils twenty times as much as that under the same conditions with CO2 alone. Table III shows the effects of adding ethanol and acetic acid to SC-CO2. Ethanol and acetic acid were selected because they are used as sterilizing reagents and are harmless even if they remain in such sample as the starting materials for foods. With wet conidia of A. niger, the sterilizing effect of CO2 was strengthened by adding ethanol or acetic acid at a weight ratio of 2% or 0.5%, respectively.
The dry conidia were not sterilized with SC-CO2 alone, but the addition of ethanol or acetic acid to SC-CO2 made it possible to sterilize even the dry ones. The ratio of living cells of dry conidia were reduced to 10~~6 orders of magnitude, which corresponds to that in the experiments on wet conidia with SC-CO2 alone. In both wet and dry endospores of B. stearothermophilus, a sterilizing effect was observed with the addition of ethanol or acetic acid as an entrainer, and about 50% of endospores were inactivated. Table I . In the case of baker's yeast, the ratio of living cells was reduced to 10"3 orders of magnitude. This may be due to a little lower water content (62%) compared with that (68%) in the experiment shown in shown in Fig. 1 , which suggests that a complex mechanism is involved in the sterilization. On the basis of the results just described, further studies to elucidate the mechanism for sterilization with high pressures of CO2and on the conditions for sterilizing endospores of Bacillus species are still necessary.
Sterilization of enzymepreparations with SC-
Consequently, SC-CO2 is expected to be used as a safe sterilizing reagent as well as being an alternative to a solvent for extracting such lipophilic compounds as vegetables and essential oils. As sterilization proceeds during the extraction of oils with SC-CO2, both oil and a defatted residue free from microorganisms can be obtained. We obtained the sterilized defatted Koji for producing sake by SC-CO2extraction without any decrease in the enzymatic activities as previously reported.6) In the present study, two kinds of enzyme preparations were used as typical models for thermally unstable compounds to determine the effect of SC-CO2 on enzymatic activities during sterilization.
Without any decrease in enzymatic activities, the enzyme preparations seemed to be sterilized with SC-CO2 to a considerable extent. The results of sterilization for thermally unstable substances other than the enzymes by the SC-CO2treatment will be described elsewhere. Thus, sterilization with SC-CO2 is applicable to heat-sensitive substances as a newly promising alternative to the current methods.
